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Technical Field 

This invention relates to a device for generating the electrical energy. More 
particularly, it relates to a device for generating the electrical energy which enables 
atmospheric air to be supplied efficiently to an oxygen electrode, which efficiently 
vaporizes off the water yielded and which is superior in waterproofiiess. 



Background Art 

Up to now, fossil fuels, such as gasoline or light oil, have been used extensively 
not only as an energy source for automobiles, but also as an energy source for power 
generation. Through the use of these fossil fuels, the mankind could enjoy such 
benefits as drastically improved life level or industrial development. On the other 
hand, the earth is imperiled by a serious risk of environmental destruction. Moreover, 
the resources of fossil fuel tend to be depleted such that difficulties are feared to be 
met as to stable supply of fossil fuel over a long term. 

Recently, hydrogen is attracting attention as an energy source which is to take 
the place of the fossil fuel. Hydrogen is contained in water and exists abundantly on 
the earth, while a large amount of chemical energy is contained per unit weight 
therein. Moreover, when used as an energy source, hydrogen does not yield obnoxious 
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materials or gases tending to produce global wanning. For these reasons, hydrogen 
is attracting significant attention as being an energy source which is to take the place 
of the fossil fiiel and which is clean and plentiful in supply. 

Recently, studies and developments in the electrical energy generating device, 
capable of taking an electrical energy fiom the hydrogen energy, are going on briskly, 
such that expectations are made for application of the electrical energy generating 
device to large-scale power generation or on-site self-generation, or as a power source 
for automobiles. 

A device for taking the electrical energy from the hydrogen energy for taking 
the electrical energy from the hydrogen energy includes a hydrogen electrode, fed with 
a hydrogen gas, an oxygen electrode, fed with oxygen, and a proton conductor film for 
transmitting protons formed on the hydrogen electrode to the oxygen electrode. A 
hydrogen gas fed to the hydrogen electrode is dissociated by a catalyst action into 
protons and electrons. The electrons are absorbed by a hydrogen electrode, whilst the 
protons are transported to the oxygen electrode through the proton conductor film. 
The electrons absorbed in the oxygen electrode are migrated through a load to the 
oxygen electrode. On the other hand, oxygen fed to the oxygen electrode is combined 
by the catalyst action with the protons and electrons migrated from the hydrogen 
electrode to yield water. The electrical energy generating device is constructed so that 
an electromotive force is generated in this manner across the hydrogen electrode and 
the oxygen electrode to cause the current to flow through a load. 



Since the electrical energy generating device is designed so that oxygen in 
atmospheric air is supplied to the oxygen electrode to generate the electrical energy, 
it is mandatory that the device be constructed so as to supply oxygen in atmospheric 
air to the oxygen electrode. The electrons absorbed by the hydrogen electrode are 
transported tlirough the load to the oxygen electrode. The oxygen supplied to the 
oxygen electrode is combined with protons and electrons transported fiom the 
hydrogen electrode to yield water. The electrical energy generating device is designed 
in this manner so that the electromotive force is generated across the hydrogen and 
oxygen electrodes to cause the current to flow through the load. 

Since the electrical energy generating device is constmcted so as to supply 
oxygen in atmosphere to the oxygen electrode to generate the electrical energy, it is 
mandatory that the device be so constmcted as to supply oxygen contained in 
atmosphere to be supplied to the oxygen electrode. Also, if oxygen becomes affixed 
to the oxygen electrode, the efficiency of generation of the electrical energy is 
lowered. It is therefore essential that the device be constructed so as to vaporize 
yielded water off efficiently. 

On the other hand, if the electrical energy generating device is immersed in 
water, the electrical energy device may be destroyed due to shorting. Thus, the 
electrical energy generating device is required to be of a stmcture having superior 
waterproofiiess. 



Disclosure of the Invention 

It is an object of the present invention to provide an electrical energy generating 
device for generating the electrical energy which enables atmospheric air to be 
supplied efficiently to an oxygen electrode, which efficiently vaporizes off the water 
yielded and which is superior in watei-proofhess. 

For accomplishing the above object, the present invention provides an electrical 
energy generating device comprising a cell having at least a hydrogen electrode, a 
proton conductor film, an oxygen electrode, and a sheet cover having an air 
permeability and a waterproofhess wherein the sheet cover sheathing the cell. 

In the electrical energy generating device of the present invention, since the 
sheet cover shrouding the cell including at least the hydrogen electrode, proton 
conductor film and the oxygen electrode is air-pemieable and exhibits waterproofiiess, 
oxygen in atmospheric air can be supplied efficiently to the oxygen electrode for 
reaction with protons and electrons. Moreover, water yielded on the oxygen electrode 
by reaction between oxygen, protons and electrons may be efficiently vaporized off, 
while it is possible to improve the waterproofiiess of the electrical energy generating 
device. 

The air-penneable waterproofing sheet cover, fonning the electrical energy 
generating device according to the present invention, may be formed of a material 
selected fi-om the group consisting of polym ethane, micro-porous polyolefin, natural 
protein hyperfine powder, and waterproofed polyester. 



The electrical energy generating device according to the present invention 
further includes a water-absorbent sheet having an air peniieability and a water- 
absorbing property which is provided inside the sheet cover for shrouding the cell, so 
that water formed on the oxygen electrode by reaction of oxygen, protons and 
electrons may be efficiently removed from the oxygen electrode to improve the 
efficiency in generating the electrical energy. 

The water-absorbent sheet, used for the electrical energy generating device 
according to the present invention, is fonned of a water-absorbent resin selected fi om 
the group consisting of a cross-linked product of a neutralized poly acrylic acid, a self- 
crosslinked neutralized polyacrylic acid, starch- acrylonitrile graft polymer cross- 
linked product, a hydrolizate thereof, a saponified product of vinyl acetate- acrylic 
acid ester copolymer, an acrylate- acrylamide copolymer cross-linked product, a cross- 
linked product of acrylic acid- 2- acrylamide- 2 methylpropanesulfonic acid 
copolymer salt, a cross-linked product of isobutylene- maleic anhydride copolymer 
salt, cross-linked carboxymethyl cellulose salts and water-absorbent resins selected 
from the group consisting of one or more of the above products. 

The water-absorbent sheet may also be fonned by a water-absorbent material 
obtained on processing the cross-linked product of a neutralized polyacrylic acid, a 
self-crosslinked neutralized polyacrylic acid, a cross-linked product starch- 
acrylonitrile graft polymer, a hydrolizate thereof, a saponified product of vinyl 
acetate- acrylic acid ester copolymer, a cross-linked product of an aciylate- 



acrylamide copoljaner, a cross-linked product of acrylic acid- 2- acrylamide- 2 
methylpropanesulfonic acid copolymer salt, isobutylene-maleic aiiliydride copolymer 
salt, cross-liiiked carboxymethyl cellulose salts, and water-absorbent resins selected 
from the group consisting of one or more of the above products, with polyurethane 
having polyoxyethylene groups. 

The electrical energy generating device according to the present invention 
further comprises a casing having numerous apertures between the sheet cover and 
the water-absorbent sheet, wherein the casing shrouds the cell . 

The water-absorbent sheet is preferably fonned by a water-absorbent material 
having numerous apertures. With the use of the water-absorbent sheet, formed of a 
water-absorbent material, having numerous apertures, the water yielded on the oxygen 
electrode by reaction between oxygen, protons and electrons can be efficiently 
removed from the oxygen electrode. Moreover, oxygen in atmospheric air can be 
efficiently supplied to the oxygen electrode through these numerous apertures for 
reaction with protons and electrons. By the reaction between oxygen, protons and 
electrons, the water generated on the oxygen electrode can be efficiently vaporized off 

In the electrical energy generating device according to the present invention, the 
hydrogen electrode is a hydrogen electrode plate, the oxygen electrode is an oxygen 
electrode plate. The cell comprises a hydrogen gas flow path plate, in which a 
plurality of apertures is fonned by lattice, so that a first hydrogen electrode plate, a 
first proton conductor film and a first oxygen electrode plate are arrayed in an order 



thereof in one side of the hydrogen gas flow path plate and a second hydrogen 
electrode plate, a second proton conductor film and a second oxygen electrode plate 
are arrayed in an order thereof on another side of the hydrogen gas flow path plate. 

Preferably, the first hydrogen electrode plate and the second hydrogen electrode 
plate are each fonned a plurality of apertures by lattice. The first hydrogen electrode 
plate and the hydrogen gas flow path plate are arrayed so that each of the apertures 
fonned in the first hydrogen electrode plate passes through the apertures fonned in the 
hydrogen gas flow path plate, with a first hydrogen gas channel being formed 
therebetween. The second hydrogen electrode plate and the hydrogen gas flow path 
plate are arrayed so that each of the apertures fonned in the second hydrogen electrode 
plate passes through the apertures fonned in the hydrogen gas flow path plate, with a 
second hydrogen gas channel being fonned therebetween. 

With the electrical energy generating device according to the present invention, 
simply the first hydrogen electrode plate and the hydrogen gas flow path plate are 
arrayed so that each of the apertures fonned in the first hydrogen electrode plate 
passes through the apertures fonned in the hydrogen gas flow path plate, with a first 
hydrogen gas channel being fonned therebetween, while the second hydrogen 
electrode plate and the hydrogen gas flow path plate are arrayed so that each of the 
apertures fonned in the second hydrogen electrode plate passes through the apertures 
fonned in the hydrogen gas flow path plate, with a second hydrogen gas channel being 
fonned therebetween, so that the hydrogen gas may be contacted efficiently with the 
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hydrogen electrode to improve the efficiently in generating the electrical energy. 

More preferably, with the electrical energy generating device of the present 
invention, the hydrogen electrode plate and the hydrogen gas flow path plate are 
arrayed so that at least a part of points of intersection of the lattice of the first 
hydrogen electrode plate is within the inside of the plural apertures formed in the 
hydrogen gas flow path plate, and so that at least a part of points of intersections of the 
lattice of the hydrogen gas flow path plate is within the inside of the plural apertures 
formed in the first hydrogen electrode plate, with the first hydrogen gas channel being 
formed therebetween, whereas the hydrogen electrode plate and the hydrogen gas flow 
path plate are arrayed so that at least part of points of intersection of the lattice of the 
second hydrogen electrode plate is within the inside of the plural apertures formed in 
the hydrogen gas flow path plate and so that at least a part of points of intersections 
of the lattice of the hydrogen gas flow path plate is within the inside of the plural 
apertures formed in the second hydrogen electrode plate, with the second hydrogen gas 
channel being formed therebetween. 

With the electrical energy generating device of the present invention, the 
hydrogen electrode plate and the hydrogen gas flow path plate are arrayed so that at 
least a part of points of intersection of the lattice of the first hydrogen electrode plate 
is within the inside of the plural apertures formed in the hydrogen gas flow path plate, 
and so that at least a part of points of intersections of the lattice of the hydrogen gas 
flow path plate is within the inside of the plural apertures formed in the first hydrogen 



electrode plate, with the first hydrogen gas channel being formed therebetween, 
whereas the hydrogen electrode plate and the hydrogen gas flow path plate are an ayed 
so that at least part of points of intersection of the lattice of the second hydrogen 
electrode plate is within the inside of the plural apertures fonned in the hydrogen gas 
flow path plate and so that at least a part of points of intersections of the lattice of the 
hydrogen gas flow path plate is within the inside of the plural apertures formed in the 
second hydrogen electrode plate, with the second hydrogen gas chamiel being formed 
therebetween. Thus, the apertures of the first hydrogen electrode plate, the points of 
intersection of the lattice of which are within the inside of the plural apertures fonned 
in the hydrogen gas flow path plate communicate with four apertures formed in the 
hydrogen gas flow path plate, the apertures of the hydrogen gas flow path plate, the 
points of intersection of the lattice of which are within the inside of the plural 
apertures formed in the first hydrogen electrode plate, coirmiunicate with four 
apertures fonned in the first hydrogen electrode plate, apertures of the second 
hydrogen gas flow path plate, the points of intersection of the lattice of which are 
within the inside of the plural apertures fonned in the hydrogen gas flow path plate, 
communicate with four apertures fonned in the hydrogen gas flow path plate and the 
apertures of the hydrogen gas flow path plate, the points of intersection of the lattice 
of which are within the inside of the plural apertures fonned in the second hydrogen 
electrode plate, communicate with fovir apertures fonned in the second hydrogen 
electrode plate. Since the hydrogen gas flows through the inside of the cell, along the 
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surfaces of the first and second hydrogen electrode plates, as the gas is spread two- 
dimensionally, the hydrogen gas may be efficiently contacted with the hydrogen 
electrode to improve the efficiency in generating the electrical energy. 

With the electrical energy generating device according to the present invention, 
it is preferable that at least part of the plural apertures fomied in the first hydrogen 
electrode plate and at least part of the plural apertures formed in the hydrogen gas flow 
path plate are substantially of a same shape, whilst at least part of the phu-al apertures 
fonned in the second hydrogen electrode plate and at least part of the plural apertures 
fonned in the hydrogen gas flow path plate are substantially of a same shape. 

At least part of the plural apertures fonned in the first hydrogen electrode plate 
and at least part of the plural apertures formed in the hydrogen gas flow path plate are 
substantially of a same rectangular shape, whilst at least part of the plural apertures 
fomied in the second hydrogen electrode plate and at least part of the plural apertures 
formed in the hydrogen gas flow path plate are substantially of a same rectangular 
shape. 

By this configuration, the first and second hydrogen electrode plates and the 
hydrogen gas flow path plate may be machined easily, while the hydrogen gas may be 
efficiently and evenly contacted with the hydrogen electrode to improve the power 
generating efficiency. 

With the electrical energy generating device according to the present invention, 
the hydrogen electrode plate and the hydrogen gas flow path plate arrayed so that at 
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least part of points of intersection of the lattice of the first hydrogen electrode plate is 
coincident with center points of the plural apertures formed in the first hydrogen 
electrode plate, and so that at least part of points of intersection of the lattice of the 
hydrogen gas flow path plate is coincident with center points of the plural apertures 
formed in the first hydrogen electrode plate, with the first hydrogen gas channel being 
fonned therebetween, whereas the hydrogen electrode plate and the hydrogen gas flow 
path plate are aiTayed so that at least part of points of intersection of the lattice of the 
second hydrogen electrode plate is coincident with center points of the plural apertures 
formed in the hydrogen gas flow path plate, and so that at least part of points of 
intersection of the lattice of the hydrogen gas flow path plate is coincident with center 
points of the plural apertures formed in the second hydrogen electrode plate, with the 
second hydrogen gas channel being formed therebetween. 

With the electrical energy generating device according to the present invention, 
the thickness of the hydrogen gas flow path plate is fi*om of 0.01 mm to 1 mm, whilst 
the thickness of each of the first and second hydrogen electrode plates is from 0.01 
mm to 1 imn. 

The hydrogen gas flow path plate is formed of a material selected fi-om the 
group consisting of polycarbonate, acrylic resin, ceramics, carbon, hastelloy, stainless 
steel, nickel, molybdenum, copper, almninum, iron, silver, gold, platinum, tantalmxi 
and titanium. 

The first and second hydrogen electrode plates are each fonned of a material 
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selected from the group consisting of hastelloy, stainless steel, nickel, molybdenum, 
copper, aluminum, iron, silver, gold, platinum, tantalum, titanium and alloys thereof. 

With the electrical energy generating device according to the present invention, 
the first oxygen electrode plate and the second hydrogen electrode plate are each 
fonned a plurality of apertures by a lattice, and the cell further comprises a first air 
flow path plate in which a plurality are fonued by a lattice and a second air flow path 
plate in which a plurality of apertures is fonned by a lattice. The surface of the first 
oxygen electrode plate opposite to the first proton conductor film and the first air flow 
path plate are arrayed so that each of the apertures fonned in the first oxygen 
electrode plate passes through the apertures fonned in the first air flow path plate and 
so that with a first air channel being fonned therebetween, whereas the surface of the 
second oxygen electrode plate opposite to the second proton conductor film and the 
second air flow path plate are arrayed so that each of the apertures fonned in the 
second oxygen electrode plate passes through the apertures fonned in the second air 
flow path plate, with a second air channel being formed therebetween. 

With the present electrical energy generating device, the first oxygen electrode 
plate and the second hydrogen electrode plate are each fonned a plurality of apertures 
by a lattice, the cell fiirther comprises a first air flow path plate in which a plurality of 
apertures is fonned by a lattice and a second air flow path plate in which a plurality of 
apertures is formed by a lattice, the surface of the first oxygen electrode plate opposite 
to the first proton conductor film and the first air flow path plate are an-ayed so that 
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each of the apeitiu es fonned in the first oxygen electrode plate passes thi ough the 
apertures formed in the first air flow path plate, with a first air channel being fonned 
therebetween, whereas the surface of the second oxygen electrode plate opposite to the 
second proton conductor film and the second air flow path plate are arrayed so that 
each of the apertures fonned in the second oxygen electrode plate passes tlirough the 
apertures fonned in the second air flow path plate, with a second air channel being 
fonned therebetween. Thus, air may be allowed to flow through the inside of the cell, 
along the surfaces of the first and second hydrogen electrode plates, as the gas is 
spread two-dimensionally, so that the hydrogen gas may be efficiently contacted with 
the hydrogen electrode to improve the efficiency in generating the electrical energy. 

Moreover, the first oxygen electrode plate and the first air flow path plate are 
an-ayed so that each of the apertures fonned in the first oxygen electrode plate passes 
through the apertures formed in the first air flow path plate, with the first air channel 
being formed therebetween, while the second oxygen electrode plate and the first air 
flow path plate are arrayed so that each of the apertures fonned in the second oxygen 
electrode plate passes through the apertures fonned in the second air flow path plate, 
with the second air channel being fonned therebetween. Thus, the hydrogen gas may 
be efficiently contacted with the hydrogen electrode to improve the efficiency in 
generating the electrical energy. 

With the electrical energy generating device according to the present invention, 
the first oxygen electrode plate and the first air flow path plate arrayed so that at least 
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part of points of intersection of the lattice of the first oxygen electrode plate is within 
the inside of the plural apertures fonned in the first air flow path plate, and so that at 
least part of points of intersection of the lattice of the first air flow path plate is within 
the plural apertures fonned in the first oxygen electrode plate, with the first air channel 
being fonned therebetween, whereas the second oxygen electrode plate and the second 
air flow path plate are arrayed so that at least part of points of intersection of the 
lattice of the second oxygen electrode plate is within the inside of the plural apeitures 
fonned in the second air flow path plate, and so that at least part of points of 
intersection of the lattice of the second air flow path plate is within the plural apertures 
fonned in the second oxygen electrode plate, with the second air channel being 
fonned therebetween. 

With the above-described electrical energy generating device, in which the first 
oxygen electrode plate and the first air flow path plate are anayed so that at least part 
of points of intersection of the lattice of the first oxygen electrode plate is within the 
inside of the plural apertures fonned in the first air flow path plate, and so that at least 
part of points of intersection of the lattice of the first air flow path plate is within the 
plural apertures fonned in the first oxygen electrode plate, with the first air channel 
being fonned therebetween, whereas the second oxygen electrode plate and the second 
air flow path plate are arrayed so that at least part of points of intersection of the 
lattice of the second oxygen electrode plate is within the inside of the plural apertures 
fonned in the second air flow path plate, and so that at least part of points of 
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intersection of the lattice of the second air flow path plate is within the plural apertures 
formed in the second oxygen electrode plate, with the second air channel being 
fonned therebetween. Thus, the apertures of the first oxygen electrode plate, the 
points of intersection of the lattice of which are within the inside of the plural 
apertures fonned in the first air flow path plate, communicate with four apertures 
fonned in the first air flow path plate, the apertures of the first air flow path plate, the 
points of intersection of the lattice of which are within the inside of the plural 
apertures fonned in the first oxygen electrode plate, coininunicate with four apertures 
fonned in the first oxygen electrode plate, the apertures of the second oxygen 
electrode plate, the points of intersection of the lattice of which are within the inside 
of the plural apertures fonned in the second air flow path plate, communicate with four 
apertures fonned in the second air flow path plate and the apertures of the second air 
flow path plate, the points of intersection of the lattice of which are within the inside 
of the plural apertures fonned in the second oxygen electrode plate, commvmicate with 
four apertures fonned in the second oxygen electrode plate. Thus, the air may be 
allowed to flow through the inside of the cell, along the surfaces of the first and second 
hydrogen electrode plates, as the gas is spread two-dimensionally, so that the hydrogen 
gas may be efficiently contacted with the hydrogen electrode to improve the efficiency 
in generating the electrical energy. 

Preferably, at least part of the plural apertures fonned in the first oxygen 
electrode plate and at least part of the plural apertures fonned in the first air flow path 
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plate are substantially of a same shape, whereas at least part of the plural apertures 
fonned in the second oxygen electrode plate and at least part of the plural apertures 
formed in the second air flow path fonning plate are substantially of a same shape. 

In a preferred embodiment of the present invention, at least part of the plural 
apertures fonned in the first oxygen electrode plate and at least part of the plural 
apertures formed in the first air flow path plate are substantially of a same rectangular 
shape, whereas at least part of tlie plural apertures fonned in the second oxygen 
electrode plate and at least part of the plural apertures formed in the second air flow 
path forming plate are substantially of a same rectangular shape. By this 
configuration, the first and second oxygen electrode plates and the first and second air 
flow path plates may be machined easily, while the oxygen gas may be efficiently and 
evenly contacted with the oxygen electrode to improve the power generating 
efficiency. 

With the electrical energy generating device according to the present invention, 
the first oxygen electrode plate and the first air flow path plate are arrayed so that at 
least part of points of intersection of the lattice of the first oxygen electrode plate is 
coincident with center points of the plural apertures fonned in the first air flow path 
plate, and so that at least part of points of intersection of the lattice of the first air flow 
path plate is coincident with center points of the plural apertures fonned in the first 
oxygen electrode plate, with the first air channel being fonned therebetween, whereas 
the second oxygen electrode plate and the second air flow path plate are arrayed so 



17 

that at least part of points of intersection of the lattice of the second oxygen electrode 
plate is coincident with center points of the plural apertures fonxied in the second air 
flow path plate, and so that at least part of points of intersection of the lattice of the 
lattice of the second air flow path plate is coincident with center points of the plural 
apertures fonned in the second oxygen electrode plate, with the second air channel 
being fonned therebetween. By such configuration, the oxygen gas may be efficiently 
and evenly contacted with the oxygen electrode to improve the power generating 
efficiency. 

A thickness of each of the first air flow path plate and the second air flow path 
plate is fi-om 0.01 mm to 0.5 mm, A thickness of each of the first oxygen electrode 
plate and the second oxygen electrode plate is fi-om 0.01 min to 1 mm. 

The first air flow path plate and the second air flow path plate are each formed 
of a material selected fi-om the group consisting of polycarbinate, acrylic resin, 
ceramics, carbon, hastelloy, stainless steel, nickel, molybdenum, copper, aluminum, 
iron, silver, gold, platinum, tantalmn and titanium. 

The first and second oxygen electrode plates are each fonned of a material 
selected fi-om the group consisting of hastelloy, stainless steel, nickel, molybdenum, 
copper, aluminmn, iron, silver, gold, platinmn, tantalum, titanium and alloys thereof. 

With the electrical energy generating device according to the present invention, 
the cell fiarther comprises a first module retention plate in which a plurality of 
apertures is fonned by a lattice, on the opposite side of the first air flow path plate 
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with respect to the first oxygen electrode plate, and a second module retention plate 
in which a plurality of apertures is formed by a lattice, on the opposite side of the 
second air flow path plate with respect to the second oxygen electrode plate. The first 
module retention plate and the first air flow path plate are arrayed so that each of the 
apertures fonned in the first module retention plate passes through the apertures 
fonned in the first air flow path plate, whereas the second module retention plate and 
the second air flow path plate are arrayed so that each of the apertures fonned in the 
second module retention plate passes through the apertures fonned in the second air 
flow path plate. 

By such configuration, air can be evenly supplied to the first air flow channel, 
fonned between the first air flow path plate and the first oxygen electrode plate fi-om 
the plural apertures provided in the first module retention plate, while air can also be 
evenly supplied to the second air flow channel, fonned between the second air flow 
path plate and the second oxygen electrode plate fi-om the plural apertures provided 
in the second module retention plate, so that the oxygen gas may be efficiently 
contacted with the oxygen electrode to improve the efficiency in generating the 
electrical energy. 

With the electrical energy generating device according to the present invention, 
the first module retention plate and the first air flow path plate are arrayed so that at 
least part of points of intersection of the lattice of the first module retention plate is 
within the inside of the plural apertures fonned in the first air flow path plate, and so 
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that at least part of points of intersection of the lattice of the first air flow path plate 
is within the plural apertures fonned in the first module retention plate, whereas the 
second module retention plate and the second air flow path plate are airayed so that 
at least part of points of intersection of the lattice of the second module retention plate 
is within the inside of the plural apeitures fonned in the second air flow path plate, 
and so that at least part of points of intersection of the lattice of the second air flow 
path plate is within the plural apertures fonned in the second module retention plate. 

By such configuration, the apertures of the first module retention plate, the 
points of intersection of the lattice of which are within the inside of the plural 
apertures fonned in the first air flow path plate, communicate with the four apertures 
fonned in the first air flow path plate, the apertures of the first air flow path plate, the 
points of intersection of the lattice of which are within the inside of the plural 
apertures formed in the first module retention plate, communicate with the four 
apertures formed in the first module retention plate, the apertures of the second 
module retention plate, the points of intersection of the lattice of which are within the 
inside of the plural apertures fonned in the second air flow path plate, communicate 
with the four apertures fonned in the second air flow path plate, and the apertures of 
the second air flow path plate, the points of intersection of the lattice of which are 
within the inside of the plural apertures fonned in the second module retention plate, 
communicate with the four apertures fonned in the second module retention plate. 
The result is that air can be evenly supplied fi-om the plural apertures provided in the 
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first module retention plate to the first air channel formed between the first air flow 
path plate and the first oxygen electrode plate, while air can be evenly supplied fi-om 
the plural apertures provided in the second module retention plate to the second air 
channel fonned between the second air flow path plate and the second oxygen 
electiode plate, so that the oxygen can be efficiently contacted with the oxygen 
electrode to improve the efficiently in generating the electrical energy. 

It should be noted that at least part of the plural apertures fonned in the first 
module retention plate are fonned to substantially a circular shape, whereas at least 
part of the plural apertures fonned in the second module retention plate are fonned to 
substantially a circular shape. 

Other objects, features and advantages of the present invention become more 
appaient firom reading the embodiments of the present invention as shown in the 
drawings. 

Brief Description of the Drawings 

Fig. 1 is a schematic plan view showing a hydrogen electrode plate of a first unit 
electrical energy generating device constituting an electrical energy generating device 
according to the present invention. 

Fig.2 is a schematic plan view showing a hydrogen gas flow path plate of the 
first unit electrical energy generating device constituting an electrical energy 
generating device according to the present invention. 
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Fig.3 is a schematic bottom plan view of a layered product obtained on 
laminating the first hydrogen electrode plate on the hydrogen electrode plate. 

Fig.4 is a schematic cross-sectional view taken along line IV to IV of Fig.3. 

Fig.5 is a schematic plan view showing a first oxygen electrode plate of a first 
unit cell fonning the electrical energy generating device according to the present 
invention. 

Fig.6 is a schematic plan view showing the first air flow path plate of the first 
unit electrical energy generating device first constituting an electrical energy 
generating device according to the present invention. 

Fig.7 is a bottom plan view of a layered product on laminating the first air flow 
path plate on the first oxygen electrode plate.. 

Fig. 8 is a plan view showing a module retention plate of the first unit electrical 
energy generating device constituting an electrical energy generating device according 
to the present invention. 

Fig.9 is a schematic bottom plan view showing a layered product formed on 
tightly contacting the first module retention plate to the first air flow path plate. 

Fig. 10 is a schematic cross-sectional view taken along line X-X of Fig.9. 

Fig. 1 1 is a schematic cross-sectional view showing the state of communication 
between an apeiture fonned in the first hydrogen gas flow path plate of the first unit 
cell forming the electrical energy generating device according to the present invention 
and an aperture formed in the first hydrogen electrode plate and the state of 
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communication between an aperture fonned in the oxygen electrode plate, an aperture 
fonned in the air flow path plate and an aperture fonned in a first module retention 
plate according to the present invention. 

Fig, 12 is a longitudinal cross-sectional view of the electrical energy generating 
device according to the present invention, showing the state of comjnunication 
between respective constituent elements of the electrical energy generating device. 

Fig. 13 is a schematic longitudinal cross-sectional view of the electrical energy 
generating device according to the present invention. 

Fig. 14 is a schematic plan view of a water absorbing sheet. 

Best Mode for Carrying out the Invention 

Referring to the drawings, preferred embodiments of the electrical energy 
generating device according to the present invention are explained in detail. 

An electrical energy generating device according to the present invention 
includes a first hydrogen electrode plate 1 configured as shown in Fig. 1 . This first 
hydrogen electrode plate 1 is formed by a substantially square-shaped plate member 
formed of a stainless steel. The thickness of the plate member forming the hydrogen 
electrode plate 1 is set to 0.01 mm to 1.0 mm. 

Referring to Fig. 1 , the hydrogen electrode plate 1 is formed by a lattice 4 having 
a regular array of 13 square-shaped apertures 2 and eight triangular apertures 3. The 
eight triangular apertures 3 are arranged on the periphery, whereas, of the 13 square- 
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shaped apertures 2, the central aperture 2 is fonned in coincidence with the center 
point of the first hydrogen electrode plate 1 . 

In Fig. 1, A to H are pins for connection across the electrodes, and are formed 
each to a rectangular shape. 

A hydrogen gas flow path plate 6 of the first unit electrical energy generating 
device constituting the electrical energy generating device according to the present 
invention is fonned by a substantially square-shaped plate member fonned of 
polycarbonate, as shown in Fig.2. In the present embodiment, the thickness of the 
plate member fonning the hydrogen gas flow path plate 6 is set to 0. 1 mm to 0.5 mm. 
However, the plate member having a thickness of 0. 1 mm to 1 .0 mm may be used for 
fonning the hydrogen gas flow path plate 6. 

In one end of the hydrogen gas flow path plate 6 is fonned a first cut-out 7 
forming a hydrogen gas supplying unit, whereas, in the opposite end thereof, a second 
cut-out 8 fonning a hydrogen gas ejection unit is fonned, as shown in Fig.2. In the 
hydrogen gas flow path plate 6, there are fonned 12 square-shaped apertures 9 to the 
same size by a lattice 10. Of the 12 square-shaped apertures 9, the square-shaped 
aperture 9 communicating with the first cut-out 7 and three square-shaped apertures 
9 neighboring thereto have respective top comer portions cut out to provide for 
communication of the respective apertures with one another, so that a sole aperture 14 
is fonned by the four square-shaped apertures 9. 

Referring to Figs. 1 and 2, the square-shaped aperture 2 fonned in the hydrogen 
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electrode plate 1 and the square-shaped aperture 9 fonned in the hydrogen gas flow 
path plate 6 are substantially of a same shape and size. The square-shaped aperture 
2, fonned centrally of the hydiogen electrode plate 1, has its center PI fonned in 
coincidence with the center point of the hydrogen electrode plate 1, while no aperUire 
is fonned centrally of the hydrogen gas flow path plate 6, but the square-shaped 
apertures 9 are formed in the hydrogen gas flow path plate 6 so that a point of 
intersection 11 of the lattice 10 fonning the four centrally located square-shaped 
apertures 9 is in coincidence with the center PI of the hydrogen gas flow path plate 6. 

In the hydrogen gas flow path plate 6, four square-shaped apertures 12 of 
smaller size and eight rectangular apertures 13 are fonned by the lattice 1 0, as shown 
in Fig.2. Of the eight rectangular apertures 13, the two rectangular apertures 13, 
neighboring to the first cut-out 7, communicate with each other, while the sides thereof 
neighboring to the first cut-out 7 are cut out to provide for communication with the 
first cut-out 7. On the other hand, the rectangular aperture 13 neighboring to the 
second cut-out 8 has its side neighboring to the second cut-out 8 cut out to provide for 
commimication with the second cut-out 8. 

On the hydrogen gas flow path plate 6 is superposed the hydrogen electrode 
plate 1, as shown in the bottom plan view of Fig.3, to constitute a layered assembly. 
Fig.4 is a schematic cross-sectional view taken along line IV-IV of Fig.3. 

The hydrogen gas flow path plate 6 is superposed on and tightly contacted to 
the hydrogen electrode plate 1, so that, when the hydrogen electrode plate 1 is 
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supeqDosed on the hydrogen gas flow path plate 6, the points of intersection 1 5 of the 
lattice 4 forming the square-shaped apertures 2 and the triangular apertures 3 of the 
hydrogen electrode plate lare in coincidence with the center point of the square- 
shaped apertures 9 fonned in the hydrogen gas flow path plate 6, and so that the points 
of intersection 16 of the lattice 10 forming the small-sized square-shaped apertures 12 
and the rectangular apertures 13 of the hydrogen gas flow path plate 6 are in 
coincidence with the center point of the square-shaped aperture 2 formed in the 
hydrogen electrode plate 1, as shown in Fig,3. 

The result is that, as shown in Fig.3, the square-shaped apertures 2 formed in 
the hydrogen electrode plate 1, except the square-shaped aperture 2 at an upper end 
in Fig. 1, communicate with the square-shaped apertures 9, small-sized square-shaped 
apertures 1 2 and with four of the rectangular apertures 1 3 fonned in the hydrogen gas 
flow path plate 6. In Fig. 1 , only the square-shaped aperture 2 located at the upper end 
is in communication with the two neighboring square-shaped apertures 9 fonned in the 
hydrogen gas flow path plate 6 and with two rectangular apertures 13 communicating 
with each other and with the first cut-out 7. 

Each of the triangular apertures 3 formed in the hydrogen electrode plate 1 
communicates with the square-shaped aperture 9 and with the rectangular apertures 
13 fonned in the hydrogen gas flow path plate 6, as shown in Fig.3. 

The square-shaped apertures 9 formed in the hydrogen gas flow path plate 6 
communicate with the square-shaped apertures 2 and four of the triangular apertures 



26 

3 fonned in the hydrogen electrode plate 1, while the small-size square-shaped 
apertures 12 fonned in the hydrogen gas flow path plate 6 communicate with one of 
the square-shaped apertures 2 fonned in the hydrogen electrode plate I. The 
rectangular apertures 13 fonned in the hydrogen gas flow path plate 6, except the two 
rectangular apertures 13 communicating with each other and with the first cut-out 7, 
communicate with both the square-shaped apertures 2 and the triangular apertures 3 
fonned in the hydrogen electrode plate 1. The two rectangular apertures 13, fonned 
in the hydrogen gas flow path plate 6 and which are in communication with each other 
and with the first cut-out 7, communicate with one square-shaped aperture 2 and with 
the two triangular apertures 3 fonned in the hydrogen electrode plate 1. 

The electrical energy generating device according to the present invention is 
made up of first and second unit cells, as are explained subsequently. The hydrogen 
gas flow path plate 6 is used as a component common to the first and second unit cells. 
These first and second unit cells are plane-symmetrical, that is of the identical layer 
stmcture, with respect to the hydrogen gas flow path plate. The first hydrogen 
electrode plate 1 is tightly contacted to one surface of the hydrogen gas flow path plate 
6, while a second hydrogen electrode plate, not shown, is tightly contacted to the 
opposite side surface of the hydrogen gas flow path plate 6. 

Thus, the apertures 9, 12, 13 of the hydrogen gas flow path plate 6 are closed 
by the first hydrogen electrode plate 1 and by the second hydrogen gas flow path plate. 
A hydrogen gas supply unit 17 is fonned by the second hydrogen electrode plate. 
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hydrogen gas flow path plate 6 and by the first hydrogen electrode plate 1, while a 
hydrogen gas ejection unit 19 is fonned by the second hydrogen electrode plate, 
hydrogen gas flow path plate 6, the first hydrogen electrode plate 1 and by the second 
cut-out 8 of the hydrogen gas flow path plate 6. 

The hydrogen gas supply unit 1 7 is connected to a hydrogen gas supply source, 
not shown, having a hydrogen occlusive material, such as a hydrogen occlusive 
carbonaceous material or a hydrogen occlusive alloy. 

The first hydrogen electrode plate 1 and the hydrogen gas flow path plate 6 are 
tightly contacted to each other, as shown in Fig.3, while the second hydrogen plate is 
tightly contacted to the side of the hydrogen gas flow path plate 6 opposite to its side 
carrying the first hydrogen electrode plate 1 , Thus, the hydrogen gas, supplied fi:-om 
the hydrogen gas supplying unit 17 into the inside of the electrical energy generating 
device, first flows through the rectangular apertures 13 fonned in the hydrogen gas 
flow path plate 6 into the square-shaped aperture 2 and two triangular apertures 3, 
formed in the hydrogen electrode plate 1 , then flows from the square-shaped aperture 
2 fonned in the hydrogen electrode plate 1 into two neighboring square-shaped 
apertures 9 formed in the hydrogen gas flow path plate 6, and fi^om the triangular 
apertures 3 fonned in the hydrogen electrode plate 1 into the square-shaped apertures 
9 fonned in the hydrogen gas flow path plate 6, as indicated by arrow x in Fig.4. 

The hydrogen gas supplied into the square-shaped aperture 9 fonned in the 
hydrogen gas flow path plate 6 further flows into the two neighboring square-shaped 
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apertures 2 fontied in the hydrogen electi ode plate 1. The hydrogen gas supplied to 
the neighboring square-shaped apertures 2 formed in the hydrogen electrode plate 1 
flows into two neighboring square-shaped apertures 9 fomied in the hydrogen gas flow 
path plate 6 and into the small-sized square-shaped apertures 12 fonned in the 
hydrogen gas flow path plate 6 or into the two neighboring square-shaped apertures 
9 fonned in the hydrogen gas flow path plate 6. 

So, the hydrogen gas, supplied from the hydrogen gas supplying unit 17 into the 
inside of the electrical energy generating device, flows through a space between the 
first hydrogen electrode plate 1 and the hydrogen gas flow path plate 6, as it is spread 
two-dimensionally, until it is ejected through the hydrogen gas ejection unit 19 to 
outside the electrical energy generating device. Thus, the hydrogen gas can be brought 
efficiently into contact with the hydrogen electrode plate 1. 

A first oxygen electrode plate 21 of the first unit electrical energy generating 
device, fonning the electrical energy generating device of the present invention, is 
formed in the same way as the hydrogen electrode plate 1, as shown in Fig. 5, and is 
formed by a substantially square-shaped plate member of stainless steel. It is noted 
that the plate member fonning the oxygen electrode plate 2 1 is set to a thickness of 
0.01 mm to 1.0 mm. 

In the oxygen electrode plate 2 1 , there are formed 13 square-shaped apertures 
22 and eight triangular apertures 23 in a regular array by a lattice 24, as shown in 
Fig. 5. The triangular apertures 23 are fonned in the peripheral area, whereas, of the 
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13 square-shaped apertures 22, arranged in a mid portion of the oxygen electrode 
plate 21, the central aperture 22 has its center in meeting with the center point of the 
first oxygen electrode plate 2 1 . 

In Fig.5, A to H are electrode intercomiecting pins and are each in a rectangular 

shape. 

A first air flow path plate 26 of the first unit electrical energy generating 
device, forming the electrical energy generating device according to the present 
invention, is foimed by a substantially square-shaped plate member of polycarbonate, 
and has cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d, at two positions in each side 
of the plate member, as shown in Fig.6. The objective of fomiing the cut-outs 27a, 
28a, 27b, 28b, 27c, 28c, 27d, 28d at the two positions in each side of the air flow path 
plate 26 is to facilitate air intake fi:*om the peripheral portions of the air flow path plate 
26; The plate member fonning the air flow path plate 26 is set to a thickness of 0.0 1 
m to 0.5 mm. 

The air flow path plate 26 is formed with 16 square-shaped apertures 29, as 
shown in Fig.6. The square-shaped aperture 22 fonned in the oxygen electrode plate 
21 and the square-shaped aperture 29 fonned in the air flow path plate 26 are of the 
same size, with the square-shaped aperture 22 fonned in the mid portion of the oxygen 
electrode plate 2 1 having its center in coincidence with the center point of the first 
oxygen electrode plate 2 1 . However, no aperture is provided in the center point of the 
air flow path plate 26, but the 16 square-shaped apertures 29 are fonned in the air flow 
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path plate 26 so that a point of intersection 3 1 of the square-shaped apertures of the 
lattice 30 forming the four square-shaped apertures 29 fonned at the mid portion of 
the plate member are coincident with the center point of the first air flow path plate 26. 

On the oxygen electrode plate 2 1 is superposed the first air flow path plate 26, 
as shown in the bottom plan view of Fig.7, to fonn a layered assembly, as shown in 
Fig.7. 

Referring to Fig.7, the air flow path plate 26 is superposed on and tightly 
contacted to the oxygen electrode plate 21, so that the points of intersection 35 of the 
lattice 24 fonuing the square-shaped apertures 22 and the triangular apertures 23 of 
the first oxygen electrode plate 2 1 are coincident with the center point of the square- 
shaped apertures 29 formed in the air flow path plate 26, and so that the points of 
intersection 36 of the lattice 30 foirning the square-shaped apertures 20 fonned in the 
first air flow path plate 26 are coincident with the center point of the square-shaped 
apertures 22 fonued in the oxygen electrode plate 21. 

The result is that the square-shaped apertures 22 fonned in the oxygen electrode 
plate 21, except the square-shaped apertures 22 at the upper and lower left and right 
ends, are in communication with the four reciprocally neighboring square-shaped 
apertures 29 formed in the air flow path plate 26, while the apertures 29 positioned at 
the upper end are in communication with the two neighboring square-shaped apertures 
29 and the cut-outs 27a, 28a formed in the air flow path plate 26. The apertures 29 
positioned at the right end communicate with the two mutually neighboring square- 
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shaped apertures 29 and the cut-outs 27b, 28b fonned in the air flow path plate 26, 
The apertures 29 positioned at the lower end communicate with the two mutually 
neighboring square-shaped apertures 29 and with the cut-outs 27c, 28c, fonxied in the 
air flow path plate 26, whilst the apertures 29 positioned at the left end communicate 
with the two mutually neighboring square-shaped apertures 29 and the cut-outs 27d, 
28d fonncd in the first air flow path plate 26. 

Moreover, the triangular apertures 23 fonned in the oxygen electrode plate 2 1 
are in communication with the two mutually neighboring square-shaped apertures 29 
and the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d formed in the air flow path 
plate 26. 

Of the square-shaped apertures 29, fonned in the air flow path plate 26, the four 
apertures 29 fonned at the mid portions of the air flow path plate 26 communicate with 
four mutually neighboring square-shaped apertures 22 fonned in the oxygen electrode 
plate 21. The four square-shaped apertures 29 at the four comers in Fig. 6 are in 
communication with the one square-shaped aperture 22 and with two triangular 
apertures 23, fonned in the oxygen electrode plate 21, with the remaining square- 
shaped apertures 29 fonned in the first air flow path plate 26 being in communication 
with the three neighboring square-shaped apertures 22 and with the two triangular 
apertures 23 fonned in the first oxygen electrode plate 2 1 . 

On the other hand, the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d, fonned 
in the air flow path plate 26, are each in coimnunication with the one square-shaped 
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aperture 22 and with one triangular aperture 23 formed in the oxygen electrode plate 
21. 

A first module retention plate 40 of the first unit cell fonning the electrical 
energy generating device of the present invention is rectangular in profile, as shown 
in Fig, 8, and is fonned with 21 circular apertures 41 in a regular array. Each circular 
aperture 41 has a small -diameter portion 41a and a tapered portion 41b, having its 
imier wall section tapered so that its diameter is increased progressively. The first 
module retention plate 40 is mounted on the air flow path plate 26 in tight contact 
therewith so that the tapered portion 41b are positioned towards the air flow path plate 
26. 

The first module retention plate 40 is superposed on and tightly contacted to the 
first air flow path plate 26 to fonn a layered assembly, as shown in the bottom plan 
view of Fig.9» Fig. 10 shows a cross-sectional view taken along line X-X in Fig.9. 

Referring to Figs. 9 and 10, the first module retention plate 40 is tightly 
contacted to the first air flow path plate 26 so that the center points of the circular 
apertures 41 formed in the first module retention plate 40 are coincident with the 
points of intersection 36 of the lattice 30 fonning the square-shaped apertures 29 of 
the first air flow path plate 26 and so that the points of intersection 43 of a lattice 42 
fonning the circular apertures 4 1 of the module retention plate 40 are coincident with 
the center points of the square-shaped apertures 29 formed in the first air flow path 
plate 26. 
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The result is that, as shown in Fig.9, of the circular apertures 41 fonned in the 
module retention plate 40, the nine centrally located apertures 41 conununicate with 
the reciprocally neighboring four square-shaped apertures 29 foniied in the first air 
flow path plate 26. 

Referring now to Fig. 10, the circular apertvire 41 located at the upper mid 
portion coirununicates with the two mutually neighboring square-shaped apertures 29 
and the cut-outs 27a, 28a, fonned in the first air flow path plate 26, wliilst the circular 
aperture 41 located at the right mid portion conununicates with the two mutually 
neighboring square-shaped apertures 29 and the cut-outs 27d, 28d, formed in the first 
air flow path plate 26, with the circular aperture 41 located at the lower mid portion 
communicating with the two mutually neighboring square-shaped apertures 29 and the 
cut-outs 27c, 28c, fonned in the air flow path plate 26, and with the circular aperture 
41 located at the left: mid portion communicating with the two mutually neighboring 
square-shaped apertures 29 and the cut-outs 27b, 28b, fonned in the first air flow path 
plate 26 

Referring to Fig. 9, the remaining circular apertures 41, fonned in the first 
module retention plate 40, communicate with the two mutually neighboring square- 
shaped apertures 29 and with the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d or 28d 
fonned in the first air flow path plate 26. 

Fig. 11 shows a schematic cross-sectional view showing the state of 
communication between the apertures 9, 12 and 13, fonned in the hydrogen gas flow 
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path plate 6, and the apertures 2, 3, foimed in the hydrogen electrode plate 1, in the 
electrical energy generating device according to the present invention, and the state of 
communication between the apertures 22, 23 fomied in the oxygen electrode plate 2 1 , 
the apertures 29 fomied in the air flow path plate 26 and the apertures 41 formed in 
the module retention plate 40. 

RefeiTing to Fig. 11, the unit electrical energy generating device forming the 
electrical energy generating device according to the present invention includes a 
hydrogen gas flow path plate 6, a hydrogen electrode plate 1 , a proton conductor film 
45 through which protons yielded on dissociation of hydrogen supplied to the 
hydrogen electrode plate 1 can be pemieated, under the action of a catalyst contained 
in the hydrogen electrode plate 1, an oxygen electrode plate 21, a first air flow path 
plate 26 and a first module retention plate 40, layered in this order. 

Specifically, the first hydrogen electrode plate 1 is tightly contacted with and 
secured to the hydrogen gas flow path plate 6. 

The first proton conductor film 45 then is layered on and tightly contacted to 
the first hydrogen electrode plate 1, while the first oxygen electrode plate 2 1 is layered 
on and tightly contacted to the first proton conductor film 45. 

The first air flow path plate 26 is also tightly contacted and layered onto the first 
oxygen electrode plate 2 1 , while the first module retention plate 40 is tightly contacted 
and layered onto the first air flow path plate 26. 

The peripheral portions of the first proton conductor film 45 are sealed with a 
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sealing member 46, as shown in Fig. 1 1 . 

With the electrical energy generating device of the present invention, 
constructed as described above, the hydrogen gas, supplied from the hydrogen gas 
supplying unit 17 into the inside of the electrical energy generating device, flows 
through a space between the first hydrogen electrode plate 1 and the hydrogen gas 
flow path plate 6, as it is spread two-dimensionally, and as it repeatedly contacts the 
hydrogen electrode plate 1 , as described above, until it is ejected through the hydrogen 
gas ejection unit 19 to outside the first unit cell. 

The hydrogen supplied to the hydrogen electrode plate 1 is dissociated into 
protons and electrons, by the action of the catalyst contained in the first hydrogen 
electrode plate 1^ with the electrons being absorbed by the first hydrogen electrode 
plate 1 and with the protons being sent through the first proton conductor film 45 to 
the first oxygen electrode plate 26. The electrons absorbed by the hydrogen electrode 
plate 1 are sent through a load, not shown, to the first oxygen electrode plate 26. 

There is supplied air Into the inside of the first unit cell, through each of the 
circular apertures 41 formed in the module retention plate 40, as indicated by arrow 
Yin Fig. 11. 

The air supplied to the nine apertures 4 1 , formed in a mid portion of the module 
retention plate 40, flows into four reciprocally neighboring square-shaped apertures 
29 formed in the first air flow path plate 26. 

In Fig. 10, the air supplied to the circular aperture 41 fonned at an upper mid 
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portion flows into two mutually neighboring square-shaped apertures 29 and the cut- 
outs 27a, 28a fonned in the first air flow path plate 26, whilst the air supplied to the 
circular aperture 41 fonned at the mid left end portion flows into two mutually 
neighboring square-shaped apertures 29 and into the cut-outs 27b, 28b fonned in the 
first air flow path plate 26. 

Also, in Fig. 10, the air supplied to the circular apertvue 41 fonned at a lower 
mid portion flows into two mutually neighboring square-shaped apertures 29 and the 
cut-outs 27c, 28c, fonned in the first air flow path plate 26, whilst the air supplied to 
the circular aperture 41 fonned at a mid right end portion flows into two mutvially 
neighboring square-shaped apertures 29 and the cut-outs 27d, 28d formed in the air 
first flow path plate 26. 

The air supplied to the remaining circular apertures 4 1 fonned in the module 
retention plate 40 flows into two mutually neighboring square-shaped apertures 29 and 
the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d fonned in the first air flow path 
plate fonned in the first air flow path plate 26. 

That is, of the air flowing into the square-shaped apertures 29 fonned in the first 
air flow path plate 26, the air flowing into the four apertures 29 in the mid portion 
flows into four reciprocally neighboring apertures 22 fonned in the first oxygen 
electrode plate 21, whilst the air flowing into the four mutually neighboring square- 
shaped aperture 29 at the four comers in Fig.6 flows into one square-shaped aperture 
22 and into two triangular apertures 23 fonned in the first oxygen electrode plate 21. 
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On the other hand, the air flowing into the reinaining square-shaped apertures 
29 fonned in the first air flow path plate 26 flows into reciprocally neighboring three 
square-shaped apertures 22 and into two triangular apertiues 23 fonned in the first 
oxygen electrode plate 21. 

The air flowing into the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d fonned 
in the first air flow path plate 26 flows into one square-shaped aperture 22 and into one 
triangular aperture 23 fonned in the first oxygen electrode plate 21. 

The air also flows fi*om the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d 
fonned in two positions in each side of the first air flow path plate 26 into the square- 
shaped apertures 22 and into the triangular apertures 23 fonned in the first oxygen 
electrode plate 21. 

In this manner, the air is supplied through the apertures 41 fonned in the first 
module retention plate 40 fonned in the first module retention plate 40 into the 
aperture 29 and into the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d, fonned in the 
first air flow path plate 26, while being supplied firom the cut-outs 27a, 28a, 27b, 28b, 
27c, 28c, 27d, 28d, fonned in two positions in each side of the first air flow path plate 
26, into the square-shaped apertures 22 and into the triangular apertures 23 fonned in 
the first oxygen electrode plate 21. 

The result is that oxygen contained in the air is absorbed in the first hydrogen 
electrode plate 1 and is combined with electrons routed to the first oxygen electrode 
plate 21 through a load, not shown, and with protons routed to the first oxygen 
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electrode plate 26 through the proton conductor film 45, thus yielding water. 

So, the electromotive force is produced across the hydrogen electrode plate 1 
and the first oxygen electrode plate 26 to cause current to flow in the load. 

Fig. 1 2 shows a modification of the electrical energy generating device according 
to the present invention. Fig. 12 is a cross-sectional view showing a modification of 
the invention and shows the state of communication between the respective 
components making up the electrical energy generating device. 

Referring to Fig. 12, the electrical energy generating device of the present 
embodiment is comprised of a first xxnit cell 51 and a second unit cell 52, layered 
together. 

Referring to Fig. 12, the first unit cell 5 1 includes a hydrogen gas flow path plate 
6, a first hydrogen electrode plate 1, a first proton conductor film 45, an first oxygen 
electrode plate 21, a first air flow path plate 26 and a first module retention plate 40, 
layered in this order fi-om below, whilst the second unit cell 52 includes a hydrogen 
gas flow path plate 6, a second hydrogen electrode plate 60, a second proton conductor 
film 61, a second oxygen electrode plate 62, a second air flow path plate 63 and a 
second module retention unit 64, layered in this order fi-om above. In Fig. 12, 65 
denotes a sealing member. 

In the present electrical energy generating device, the second hydrogen 
electrode plate 60, second proton conductor film 6 1 , second oxygen electrode plate 62, 
second air flow path plate 63 and the second module retention umt 64, fonning the 
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second unit cell 52, are fonned in the same way as the first hydrogen electrode plate 
1, first proton conductor film 45, first oxygen electrode plate 21, first air flow path 
plate 26 and the first module retention plate 40 making up the first unit cell 5 1 , The 
second hydrogen electrode plate 60, second proton conductor fihn 6 1 , second oxygen 
electrode plate 62, second air flow path plate 63 and the second module retention unit 
64 are layered together so that the relalive disposition of the second hydrogen 
electrode plate 51 and the hydrogen gas flow path plate 6, the relative disposition of 
the first oxygen electrode plate 53 and the second air flow path plate 54 and the 
relative disposition of the second air flow path plate 54 and the second module 
retention plate 55 are the same as the relative disposition of the first hydrogen 
electrode plate 1 and the hydrogen gas flow path plate 6, the relative disposition of the 
first oxygen electrode plate 21 and the first air flow path plate 26 and the relative 
disposition of the first air flow path plate 26 and the first module retention plate 40, 
in the first unit cell 5 1 , respectively. 

In the present embodiment of the electrical energy generating device, the first 
and second unit cells 51, 52 can be coupled to each other in an optional fashion to 
fonn an electrical energy generating device by selectively severing or leaving intact the 
pins A to H for electrode interconnection formed in the first and second oxygen 
electrode plates 2 1 , 62 and in the hydrogen electrode plates 1 , 60. 

If the pins A to H for electrode interconnection, fonned in the first and second 
oxygen electrode plates 21, 62 and in the hydrogen electrode plates 1 , 60 are to be 
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selectively severed or left intact, as shown in the following Table 1 : 

Table 1 



electrodes 


A 


B 


C 


D 


E 


F 


G 


H 


21 










0 








1 


0 




0 


0 










60 






0 


0 


0 








62 




0 















th first and second unit cells 5 1, 52 are connected in series with each other. 



In Table 1 , [0] denotes that the relevant pin for electrode interconnection is left 
intact without cutting. 

That is, in the first oxygen electrode plate 2 1 forming the first unit cell 5 1 , the 
pin for electrode interconnection E only is left, with the pins for electrode 
interconnection A, B, C, D, F, G and H being severed, whereas, in the second oxygen 
electrode plate 60 forming the second unit cell 52, the pins C, D and E for electrode 
interconnection are left, with the pins for electrode interconnection A, B, F, G and H 
being severed. The pin for electrode interconnection E formed in the first oxygen 
electrode plate 21 forming the first unit cell 51 is bent downwards, whereas the pin 
for electrode interconnection E foraied in the second hydrogen electrode plate 60 
forming the second unit cell 52 is bent upwards and coupled to the pin for electrode 
interconnection E formed in the second hydrogen electrode plate 60. 

As a result, the first and second unit cells 51, 52 are connected in series with 
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each other. 

On the other hand, in the first hydrogen electi ode plate 1 fonning the first unit 
cell 51, the pins for electrode interconnection A, C and D are left, with the pins for 
electrode interconnection B, E, F, G and H being severed, whereas, in the second 
oxygen electrode plate 62 forming the second unit cell 52, only the pin for electrode 
interconnection B is left, with the pins for electrode interconnection A, C, D, E, F, G 
and H being severed. The pin for electrode interconnection A, formed in the first 
hydrogen electrode plate 1, fonning the first unit cell 51, and the pin for electrode 
interconnection B, fonned in the second oxygen electrode plate 62, fonning the second 
unit cell 52, are separately coupled to outputs. 

If the pins for electrode interconnection A to H fonned in the first oxygen 
electrode plate 21 or 62, first hydrogen electrode plate 1 and in the second hydrogen 
electrode plate 60 are selectively severed or left intact, as shown in Table 2: 
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Table 2 



electrodes 


A 


B 


C 


D 
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21 












0 
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0 
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0 


0 








60 
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0 


0 
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0 







the first and second unit cells 5 1, 52 are connected in parallel with each other. 



That is, in the first oxygen electrode plate 21, fonning the first unit cell5 1 , the 
pin for electrode interconnection F measly is left, with the pins for electrode 
interconnection A, B, C, D, E, G and H being severed, whereas, in the second oxygen 
electrode plate 62 forming the second unit cell 52, the pins B and F for electrode 
interconnection are left, with the pins for electrode interconnection A, C, D, E, G and 
H being severed. The pin for electrode interconnection F fomied in the first oxygen 
electrode plate 21 fonning the first unit cell 51 is bent downwards, whereas the pin 
for electrode interconnection F formed in the second oxygen electrode plate 62 
forming the second unit cell 52 is bent upwards and coupled to the pin for electrode 
interconnection F fonned in the first oxygen electrode plate. 

Also, in the first hydrogen electrode plate 1, fonning the first unit cell 51, the 
pins for electrode interconnection A, C, D and E are left, with the pins for electrode 
interconnection B, F, G and H being severed, whereas, in the second hydrogen 
electrode plate 60 fonning the second unit cell 52, the pins C, D and E for electrode 



43 

interconnection are left, with the pins for electrode interconnection A, B, F, G and H 
being severed. The pin for electrode interconnection E fonned in the first hydrogen 
electrode plate 1 forming the first unit cell 51 is bent downwards, whereas the pin for 
electrode interconnection E fonned in the second hydrogen electrode plate 60 forming 
the second unit cell 52 is bent upwards and coupled to the pin for electrode 
interconnection E formed in the first hydrogen electrode plate. 

The result is that the first and second unit cells 5 1 , 52 are connected in parallel 
with each other. 

The pin for electrode interconnection A formed in the first hydrogen electrode 
plate 1 fonning the first unit cell 5 1 and the pin for electrode interconnection B 
fonned in the second oxygen electrode plate 62 fonning the second unit cell52 are 
separately coupled to outputs. 

In the first unit cell 5 1 , forming the present embodiment of the electrical energy 
generating device, the hydrogen gas flow path plate 6 is stacked on the first hydrogen 
electrode plate 1 so that the points of intersection 15 of the lattice 4 fonning the 
square-shaped apertures 2 and the triangular apertures 3 of the hydrogen electrode 
plate 1 are in coincidence with the center points of the square-shaped apertures 9 
fonned in the hydrogen gas flow path plate 6 and so that the points of intersection 16 
of the lattice 10 fonning the small-sized square-shaped apertures 12 and the 
rectangular apertures 13 of the hydrogen gas flow path plate 6 are in coincidence with 
the center points of the square-shaped aperture 2 fonned in the hydrogen electrode 
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plate 1. The result is that the square-shaped apertures 9 fonned in the hydrogen gas 
flow path plate 6 communicate with the square-shaped apertures 2 and four of the 
triangular apertures 3, fonned in the first hydrogen electrode plate I, and each of the 
small-sized square-shaped apertures 12 coininunicates with one of the square-shaped 
apertures 2 fonned in the hydrogen gas flow path plate 6, while the rectangular 
apertures 13 formed in the hydrogen gas flow path plate 6 communicate with one 
another and, excepting the two rectangular apertures 13 communicating with each 
other and with the first cut-out 7, communicate with both the square-shaped aperture 
2 and two triangular apertures 3 fonned in the first hydrogen electrode plate 1. The 
two rectangular apertures 13, fonned in the hydrogen gas flow path plate 6 and which 
are in communication with each other and with the first cut-out 7, communicate with 
the one square-shaped aperture 2 and two of the triangular apertures 3. 

Thus, with the first unit cell 5 1 , fonning the electrical energy generating device 
according to the present invention, the hydrogen gas, supplied fi-om the hydrogen gas 
supply unit 17 to each of the square-shaped apertures 9 fonned in the hydrogen gas 
flow path plate 6, flows into four of the triangular apertures 3 and the square-shaped 
aperture 2 fonned in the first hydrogen electrode plate 1, while the hydrogen gas 
supplied to each of the small-sized square-shaped aperture 12 fonned in the hydrogen 
gas flow path plate 6 flows into one of the square-shaped apertures 2 fonned in the 
first hydrogen electrode plate 1. The hydrogen gas supplied to the rectangular 
apertures 13, fonned in the hydrogen gas flow path plate 6, flows into the square- 
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shaped aperture 2 and the triangular apertures 13, formed in the first hydrogen 
electrode plate l.exceptingthe two rectangular apertures 13 communicating with each 
other and with the first cut-out 7, while the hydrogen gas, supplied to the two 
rectangular apertures 13 formed in the hydrogen gas flow path plate 6 and 
communicating with each other and with the first cut-out 7, flows into the sole square- 
shaped aperture 2 and into the two triangular apertures 3 fornied in tihe first hydrogen 
electrode plate 1. 

Moreover, in the first unit cell 5 1 according to the present invention, in which 
the first hydrogen electrode plate and the hydrogen gas flow path plate 6 are stacked 
one on another as described above, the square-shaped apertures 2 fonned in the first 
hydrogen electrode plate 1, except the square-shaped aperture 2 disposed at an upper 
end in Fig. 1, communicate with the square-shaped aperture 9 formed in the hydrogen 
gas flow path plate 6, with the small-sized square-shaped aperture 12 and with four of 
the rectangular apertures 13. The square-shaped aperture 2 disposed at the upper end 
in Fig. 1 measly communicates with two mutually neighboring square-shaped aperture 
9 and with two rectangular apertures 1 3 communicating with each other and with the 
first cut-out 7, formed in the hydrogen gas flow path plate 6, while the triangular 
apertures 3 formed in the first hydrogen electrode plate 1 communicate with the 
square-shaped apertures 9 and with the rectangular apertures 13, foniied in the 
hydrogen gas flow path plate 6, as shown in Fig.3. 

The result is that, in the first unit cell 5 1 of the present invention, the hydrogen 
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gas, flowing into the sqviare-shaped apertures 2 fonned in the first hydrogen electrode 
plate 1, excluding the square-shaped aperture 2 disposed at the upper end, flows into 
the mutually neighboring square-shaped apertures 9, fonned in the hydrogen gas flow 
path plate 6, small-sized square-shaped apertures 12 and into four of the rectangular 
apertures 13 in the hydrogen gas flow path plate 6 mutually neighboring to each other. 
The hydrogen gas, flowing into the square-shaped apertures 2 fonned in the upper end 
in Fig. 1 , flows into two mutually neighboring square-shaped apertures 9 and into the 
two rectangular apertures 13 in the hydrogen gas flow path plate 6 communicating 
with each other and with the first cut-out 7. On the other hand, the hydrogen gas, 
flowing into the triangular apertures 3 fonned in the hydrogen gas flow path plate 6, 
flows into the square-shaped apertures 9 and two rectangular apertures 13 fonned in 
the hydrogen gas flow path plate 6. 

Thus, with the first unit cell 51, constructed as described above, the hydrogen 
gas, supplied fi-om the hydrogen gas supplying unit 17 into the inside of the electrical 
energy generating device, flows through a space between the first hydrogen electrode 
plate 1 and the hydrogen gas flow path plate 6, as it is spread two-dimensionally, and 
as it repeatedly contacts the hydrogen electrode plate 1, until it is ejected through the 
hydrogen gas ejection unit 19 to outside the first unit cell, as described above. Thus, 
the hydrogen gas is able to contact the first hydrogen electrode plate 1 efficiently thus 
improving the efficiency in generating the electrical energy of the electrical energy 
generating device. 
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With the above-described first unit cell 5 1, it is only sufficient if the hydrogen 
gas flow path plate 6, carrying the first cut-out 7 fonning the hydrogen gas supplying 
unit, the second cut-out 8 fonning the hydrogen gas ejection unit, 12 square-shaped 
apertures 9 of the same size as the square-shaped apertures 2 fonned in the hydrogen 
electrode plate 1, four small-sized square-shaped apertures 12 and eight rectangular 
apertures 13, and the first hydrogen electrode plate I, carrying 13 square-shaped 
apertures 2 and eight triangular apertures 3, fonned by lattices in a regular array, are 
stacked together so that the points of intersection 15 of the lattice 4 fomiing the 
square-shaped apertures 2 and the triangular apertures 3 of the hydrogen electrode 
plate 1 are in coincidence with the center points of the square-shaped apertures 9 
fonned in the hydrogen gas flow path plate 6 and so that the points of intersection 16 
of the lattice 10 forming the small-sized square-shaped apertures 12 and the 
rectangular apertures 1 3 of the hydrogen gas flow path plate 6 are in coincidence with 
the center points of the square-shaped aperture 2 fonned in the hydrogen electrode 
plate 1 . Thus, assembling operations may be facilitated, while the hydrogen gas may 
be routed by a simplified structure into contact with the first hydrogen electrode plate 
1 to provide an electrical energy generating device capable of improving the efficiency 
in generating the electrical energy. 

Moreover, in the first unit cell 5 1 according to the present invention, the first 
module retention plate 40 is tightly contacted to the first air flow path plate 26 so that 
the center point of each circular aperture 4 1 fonned in the first module retention plate 
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40 coincides with a point of intersection 36 of the lattice 30 fonning the square-shaped 
apertures 29 of the first air flow path plate 26, as a result of which the nine apertures 

41 at a mid portion of the module retention plate 40, among the square-shaped 
apertures 41 formed in the module retention plate 40, communicate with the four 
mutually neighboring square-shaped apertures 29, fonned in the first air flow path 
plate 26, the circular aperture 41 disposed at an upper mid portion in Figs. 8 and 10 
communicates with the two mutually neighboring square-shaped apertures 29 and 
with the cut-outs 27a and 28a formed in the first air flow path plate 26, the circular 
aperture 4 1 at the mid right end communicates with the two mutually neighboring 
square-shaped apertures 29 and cut-outs 27b, 28b, fonned in the first air flow path 
plate 26, the circular aperture 41, fonned at a lower mid end, communicates with the 
two mutually neighboring square-shaped apertures 29 and cut-outs 27c, 28c fonned 
in the first air flow path plate 26, and the circular aperture 4 1 at the mid left; end 
communicates with two mutually neighboring square-shaped apertures 29 and cut-outs 
27d, 28d fonned in the first air flow path plate 26, as shown in Fig. 10. Moreover, the 
other circular apertures 4 1 , fonned in the first module retention plate 40, communicate 
with two mutually neighboring square-shaped apertures 29 and cut-outs 27a, 28a, 27b, 
28b, 27c, 28c, 27d or 28d, fonned in the first air flow path plate 26, as similarly shown 
in Fig. 10. 

Thus, with the present first unit cell 5 1 , the air supplied to the nine apertures 4 1 
at a mid portion of the first module retention plate 40 flows into the four mutually 
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neighboring square-shaped apertures 29 formed in the first air flow path plate 26, the 
air supplied to the circular aperture 4 1 at the upper mid end in Figs.8 and 1 0 flows into 
two mutually neighboring square-shaped apertures 29 and cut-outs 27a, 28a formed 
in the first air flow path plate 26, the air supplied to the circular aperture 4 1 at a right 
mid portion flows into the two mutually neighboring square-shaped apertures 29 and 
cut-outs 27b, 28b formed in the first air flow path plate 26, the air supplied to the 
circular aperture 41 at the lower mid end in Figs.8 and 10 flows into two reciprocally 
neighboring square-shaped apertures 29 and cut-outs 27c, 28c fomied in the first air 
flow path plate 26, and the air supplied to the circular aperture 4 1 at a left mid portion 
flows into the two mutually neighboring square-shaped apertures 29 and cut-outs 27d, 
28d formed in the first air flow path plate 26. The air supplied to the other circular 
apertures 41 formed in the first module retention plate 40 flow into the two mutually 
neighboring square-shaped apertures 29 and into the cut-outs 27a, 28a, 27b, 28b, 27c, 
28c, 27d or 28d, formed in the fu-st air flow path plate 26. 

In the first unit cell 51, according to the present invention, the first oxygen 
electrode plate 2 1 and the first air flow path plate 26 are stacked one on another so that 
points of intersection 35 of a lattice 24 fomiing the square-shaped apertures 22 and the 
triangular apertures 23 of the first oxygen electrode plate 2 1 are in coincidence with 
the center points of the square-shaped apertures 29 formed in the hydrogen gas flow 
path plate 26, and so that the points of intersection 36 of ths lattice 30 forming the 
square-shaped apertures 29 formed in the hydrogen gas flow path plate 26 are in 
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coincidence with the center points of the square-shaped apertures 22 in the first 
oxygen electrode plate 21. The result is that the square-shaped apertures 22 fonned 
in the first oxygen electrode plate 21, except the apertures 29 at upper and lower left 
and right ends in Fig. 5, communicate with the four reciprocally neighboring square- 
shaped apertures 29, fonned in the first air flow path plate 26, and the apertures 29 at 
the upper end communicate with the two mutually neighboring square-shaped 
apertures 29 and cut-outs 27a, 28a, fonned in the first air flow path plate 26, while the 
apertures 29 at the right end communicate with the two mutually neighboring square- 
shaped apertures 29 and cut-outs 27b, 28b, fonned in the first air flow path plate 26, 
and the apertures 29 at the lower end communicate with the two mutually neighboring 
square-shaped apertures 29 and cut-outs 27c, 28c, fonned in the first air flow path 
plate 26. Moreover, the apertures 29 at the left end communicate with the two 
mutually neighboring square-shaped apertures 29 and cut-outs 27d, 28d, fonned in the 
first air flow path plate 26, while triangular apertures 23, fonned in the first oxygen 
electrode plate 21, communicate with two mutually neighboring square-shaped 
apertures 29 and the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d or 28d, formed in the 
first air flow path plate 26. Of the square-shaped apertures 29, fonned in the first air 
flow path plate 26, the four centrally disposed square-shaped apeitures 29 
communicate with the four reciprocally neighboring square-shaped apertures 22 
fonned in the first oxygen electrode plate 2 1 . The four square-shaped apertures 29, 
disposed at the four corners in Fig. 6, each communicate with one square-shaped 
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aperture 22 and with two triangular apertures 23 fonned in the first oxygen electrode 
plate 21. The remaining square-shaped apertures 29 fonned in the first air flow path 
plate 26 each communicate with tliree reciprocally neighboring square-shaped apeiture 
22 and two triangular apertures 23 fonned in the first oxygen electrode plate 21. On 
the other hand, the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d or 28d, fonned in the 
first air flow path plate 26, each communicate with one square-shaped aperture 22 and 
one triangular aperture 23 formed in the first oxygen electrode plate 21. 

The result is that the air supplied to the nine centrally arranged apertures 41 
formed in the first module retention plate 40 flows into the four reciprocally 
neighboring square-shaped apertures 29 formed in the first air flow path plate 26, 
whereas the air supplied to the circular aperture 41 arranged at an upper mid portion 
in Figs.8 and 10 flows into the two mutually neighboring square-shaped apertures 29 
and the cut-outs 27a, 28a formed in the first air flow path plate 26, while the air 
supplied to the circular aperture 4 1 an^anged at the right mid portion flows into the two 
mutually neighboring square-shaped apertures 29 and the cut-outs 27b, 28b fonned in 
the first air flow path plate 26. Also, the air supplied to the circular aperture 41 
arranged at the lower mid portion in Figs.8 and 10 flows into the two mutually 
neighboring square-shaped apertures 29 and the cut-outs 27c, 28c fonned in the first 
air flow path plate 26, while the air supplied to the circular aperture 4 1 arranged at the 
left: mid portion flows into the two mutually neighboring square-shaped apertures 29 
and the cut-outs 27d, 28d formed in the first air flow path plate 26. The air supplied 
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into the other circular apertures 41 formed in the first module retention plate 40 flow 
into the two mutually neighboring square-shaped apertures 22 and the 27a, 28a, 27b, 
28b, 27c, 28c, 27d or 28d, formed in the first air flow path plate 26. Of the air flowing 
into the square-shaped apertures 29 formed in the first air flow path plate 26, the air 
flowing into the four apertures 29 in the mid portion flows into four reciprocally 
neighboring apertures 22 fonued in the first oxygen electrode plate 2 1 , whilst the air 
flowing into the four mutually neighboring square-shaped aperture 29 at the four 
comers in Fig.6 flows into one square-shaped aperture 22 and into two triangular 
apertures 23 fonned in the first oxygen electrode plate 21. On the other hand, the air 
flowing into the remaining square-shaped apertures 29 formed in the first air flow path 
plate 26 flows into reciprocally neighboring three square-shaped apertures 22 and into 
two triangular apertures 23 fonned in the first oxygen electrode plate 21. The air 
flowing into the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d fonned in the first air 
flow path plate 26 flows into one square-shaped aperture 22 and one triangular 
aperture 23 formed in the first oxygen electrode plate 21. 

Thus, with the first unit cell 5 1 according to the present invention, the air is 
supplied through the apertures 41 formed in the first module retention plate 40 to the 
apertures 29 and the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d fonned in the first 
air flow path plate 26, and thence to the square-shaped apertures 22 and the triangular 
apertures 23 fonned in the first oxygen electrode plate 21. The result is that 
assembling operations may be facilitated, while oxygen may be contacted efficiently 
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with the first oxygen electrode plate 21 to produce an electrical energy generating 
device capable of improving the efficiency in generating the electrical energy. 

With the first unit cell 5 1 , according to the present invention, it is only sufficient 
to stack the first air flow path plate 26, comprised of a lattice 24 of 13 square-shaped 
apertures 22 and eight triangular apertures 23 in a regular array, the first air flow path 
plate 26 carrying 16 square-shaped apertures 29 of the same size as the apertures 22 
fonned in the first air flow path plate 26 and the cut-outs 27a, 28a, 27b, 28b, 27c, 28c, 
27d, 28d, and the first module retention plate 40 comprised of a regular array of 21 
circular apertures 41, in this order. The result is that assembling operations may be 
facilitated, while air may be fiimished by a simplified structure into contact with the 
first air flow path plate 26 to produce an electrical energy generating device capable 
of improving the efficiency in generating the electrical energy. 

Moreover, in the first unit cell 5 1 of the present invention, the first hydrogen 
electrode plate 1 and the hydrogen gas flow path plate 6 are stacked and contacted 
together so that the points of intersection 1 5 of the lattice 4 forming the square-shaped 
apertures 2 and the triangular apertures 3 of the first hydrogen electrode plate 1 are 
in coincidence with the center points of the square-shaped apertures 9 formed in the 
hydrogen gas flow path plate 6 and so that the points of intersection 16 of the lattice 
10 fonning the small-sized square-shaped apertures 12 and the rectangular apertures 
13 of the hydrogen gas flow path plate 6 are in coincidence with the center points of 
the square-shaped aperture 2 fonned in the first hydrogen electrode plate 1, as shown 
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in Fig. 3. 

Moreover, in the first unit cell 51, the first air flow path plate 26 is tightly 
stacked on the first oxygen electrode plate 21 so that the points of intersection 35 of 
the lattice 24 fonxiing the square-shaped apertures 22 and the ti iangular apertures 23 
of the first oxygen electrode plate 21 are coincident with the center points of the 
square-shaped apertures 22 fonned in the first oxygen electrode plate 2 1 and so that 
the points of intersection 36 of the lattice 30 fonning the square-shaped apertures 29 
of the first oxygen electrode plate 21 are coincident with the center points of the 
square-shaped apertures 22 formed in the first oxygen electrode plate 21, as shown in 
Fig.7. In addition, the first module retention plate 40 is tightly contacted to the first 
air flow path plate 26 so that the center points of the respective circular apertures 41 
fonned in the first module retention plate 40 are in coincidence with the points of 
intersection 36 of the lattice 30 fonning the square-shaped apertures 29 of the first 
hydrogen gas flow path plate 26 and so that the points of intersection 43 of the lattice 
42 forming the circular apertures 41 of the first module retention plate 40 are in 
coincidence with the center points of the square-shaped apertures 29 fonned in the 
first air flow path plate 26, as shown in Fig. 10. 

Thus, with the first unit cell 51 according to the present invention, the force 
applied to the first module retention plate 40 is transmitted in a distributed fashion to 
the first air flow path plate 26 and thence transmitted in a distributed fashion to the 
first oxygen electrode plate 21. The force transmitted to the first oxygen electrode 
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plate 21 is transmitted through the seal 46 to the first hydrogen electrode plate 1, but 
is transmitted, again in a distributed fashion, to the hydrogen gas flow path plate 6. 
Since the force apphed to the first module retention plate 40 is transmitted is 
distributed to enable the unifonn force to be applied reliably to the electrical energy 
generating device in its entirety, the first proton conductor film 45 evenly contacts the 
first hydrogen electrode plate 1 and the first oxygen electrode plate 21 to improve the 
efficiency in generating the electrical energy. 

With the above-described electrical energy generating device according to the 
present invention, the hydrogen gas flow path is fonned by the first hydrogen electrode 
plate 1 , hydrogen gas flow path plate 6 and by the second hydrogen electrode plate 60, 
such that the hydrogen gas is supplied fi-om the hydrogen gas supply unit 17 into the 
hydrogen gas flow channel formed by the first hydrogen electrode plate 1, hydrogen 
gas flow path plate 6 and by the second hydrogen electrode plate 60 to flow through 
the hydrogen gas flow channel as it is spread two-dimensionally, and as it repeatedly 
contacts the first and second hydrogen electrode plates 1 , 60, as described above, until 
it is ejected through the hydrogen gas ejection unit 19 to outside the first unit cell. 

The air supplied through the second module retention plate 64 is supplied to the 
second module retention plate 62, through the first module retention plate 40, as it is 
spread two-dimensionally through the second oxygen electrode plate 63. 

Fig. 1 3 shows a fiirther embodiment of the electrical energy generating device 
according to the present invention. In the electrical energy generating device, shown 
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in Fig. 13, the seal members 46, 65 are omitted from the drawing. 

Referring to Fig. 13, the electrical energy generating device is a layered 
assembly comprised of a first unit cell 51 and a second unit cell 52. The sui face of 
the layered assembly, comprised of the first unit cell 51 and the second unit cell 52, 
is covered with a water-absorbent sheet 70. Fig. 14 shows an embodiment of this 
water-absorbent sheet 70. Referring to Fig. 14, the water-absorbent sheet 70 has 
numerous apertures 7 1 through which air may be supplied to tlie first oxygen electrode 
plate 2 1 and to the second oxygen electrode plate 62. The water-absorbent sheet 70 
is formed of a water-absorbent resin, such as a cross-linked neutralized product of 
polyacrylic acid. With the water-absorbent sheet, oxygen, protons and electrons are 
linked together to absorb water generated in the first oxygen electrode plate 2 1 and the 
second oxygen electrode plate 62, for removing the water from the surface of the first 
oxygen electrode plate 21 and the second oxygen electrode plate 62. 

The water-absorbent sheet 70 is sheathed by a casing 72, as shown in Fig. 13. 
This casing 72 has numerous apertures 71 through which the air may be supplied to 
the first oxygen electrode plate 21 and to the second oxygen electrode plate 62. 

The casing 72 is sheathed by a sheet cover 75, having both air permeability and 
waterproofing properties, as shown in Fig. 13. Thus, the sheet cover 75 affords 
waterproofiiess to the electrical energy generating device. Moreover, since the sheet 
cover 75 is water-penneable, air can be supplied through the sheet cover 75 to the first 
oxygen electrode plate 2 1 and the second oxygen electrode plate 62. Moreover, water 
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yielded on the first oxygen electrode plate 21 and the second oxygen electrode plate 
62 tlirough linkage reaction of oxygen, protons and electrons may be vaporized off 
through the sheet cover 75. 

In the embodiment shown in Fig. 13, the sheet cover 75 is air-penneable and 
wateiproofed so that oxygen in atmospheric air may be supplied efficiently to the first 
oxygen electrode plate 2 1 and the second oxygen electrode plate 62 for reaction with 
protons and electrons. Through the reaction of oxygen, protons and electrons, the 
water yielded on the first oxygen electrode plate 2 1 and the second oxygen electrode 
plate 62 may be vaporized and removed efficiently, while the electrical energy 
generating device may be improved in waterproofhess. 

Since the water-absorbent sheet 70, which is air-permeable and exhibits 
waterproofing properties, is provided on the inner side of the sheet cover 75, for 
sheathing the first and second unit cells 51, 52, water yielded on the first oxygen 
electrode plate 21 and the second oxygen electrode plate 62 by reaction of oxygen, 
protons and electrons may be efficiently removed fi:*om the first oxygen electrode plate 
21 and the second oxygen electrode plate 62 to improve the efficiency of generation 
of the electrical energy. 

Moreover, since the water-absorbent sheet 70 has numerous apertures 71, 
oxygen in atmospheric air may be efficiently supplied to the first oxygen electrode 
plate 21 and the second oxygen electrode plate 62 for reaction with protons and 
electrons. Through the reaction of oxygen, protons and electrons, the water yielded 
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on the first oxygen electrode plate 2 1 and the second oxygen electrode plate 62 may 
be efficiently vaporized and removed. 

The present invention can be modified within the scope of the invention without 
being limited to the above-described embodiments. 

For example, the numerous apertures 71 are fonned in the water-absorbent 
sheet 70, so that oxygen in atmospheric air is supplied to the first oxygen electrode 
plate 2 1 and the second oxygen electrode plate 62, while oxygen, protons and electrons 
are reacted through these numerous apertures 71 to vaporize off the water yielded on 
the first oxygen electrode plate 21 and the second oxygen electrode plate 62. It is, 
however, only sufficient if the water-absorbent sheet 70 exhibits water absorption 
characteristics and air penneability, without it being imperative to form the numerous 
apertures 71. 

In the above-described embodiment, the first hydrogen electrode plate 1 and the 
hydrogen gas path forming plate 6 are superposed on and tightly contacted to each 
other so that the points of intersection 15 of the lattice 4 forming the square-shaped 
apertures 2 and the triangular apertures 3 of the first hydrogen electrode plate 1 are 
coincident with the center point of the square-shaped apertures 9 fonned in the first 
air flow path plate 6 and so that the points of intersections 1 6 of the lattice 1 0 fonning 
the square-shaped apertures 9, small-sized square-shaped apertures 12 and the 
rectangular apertures 13 of the hydrogen gas path fonning plate 6 are coincident with 
the center points of the square-shaped apertures 2 formed in the first hydrogen 
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electrode plate 1. However, it is not mandatory to have the first hydrogen electrode 
plate 1 and the hydrogen gas path fonning plate 6 tightly contacted together in this 
manner since it is only sufficient if the first hydrogen electrode plate 1 and the 
hydrogen gas path fonning plate 6 are tightly contacted together so that each of the 
plural apertures fornied in the first hydrogen electrode plate 1 communicates with two 
or more of the plural apertures formed in the hydrogen gas flow path plate 6, with 
each of the plural apertures formed in the hydrogen gas flow path plate 6 
communicating with two or more of the plural apertures formed in the first hydrogen 
electrode plate 1. 

Although the 13 square-shaped apertures 2 and 8 triangular apertures 3 are 
formed in the first hydrogen electrode plate 1, the numbers of the square-shaped 
apertures 2 and the triangular apertures 3 may be set arbitrarily. Moreover, the shape 
of the apertures is not limited to a square or triangular shape, but may also be 
polygonal, such as rectangular shape, or to a circular shape. 

In addition, although the 12 square-shaped apertures 9 of the same size as the 
square-shaped apertures 2 formed in the first hydrogen electrode plate 1, four small- 
sized square-shaped apertures and eight triangular apertures 13 are formed in the 
hydrogen gas flow path plate 6, it is not mandatory to have the square-shaped 
apertures 9 of the same size as the square-shaped apertures 2 formed in the first 
hydrogen electrode plate 1, such that the numbers of the square-shaped apertures 9, 
small-sized square-shaped apertures 12 and the triangular apertures 13 may be 
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optionally set, while the shape of the apertures is not limited to the square or 
rectangular shape, but may be polygonal, such as rectangular shape, or to a circular 
shape. 

It is noted that, in the above-described embodiment, the first oxygen electrode 
plate 21 and the first air flow path plate 26 are superposed on and tightly contacted 
to each other to fonn the first unit cell 5 1 so that the points of intersection 35 of the 
lattice 24 fonning the square-shaped apertures 22 and the triangular apertures 23 of 
the first oxygen electrode plate 2 1 are coincident with the center points of the square- 
shaped apertures 29 formed in the first air flow path plate 26 and so that the points of 
intersections 36 of the lattice 30 forming the square-shaped apertures 29 formed in the 
first air flow path plate 26 are coincident with the center points of the square-shaped 
apertvires 22 fonned in the first oxygen electrode plate 21. However, it is not 
mandatory for the first oxygen electrode plate 21 and the first air flow path plate 26 
to be tightly contacted together in this manner since it is only sufficient if the first 
oxygen electrode plate 21 and the first air flow path plate 26 are tighfly contacted 
together so that each of the plural square-shaped apertures 22 and the triangular 
apertures 23 formed in the first oxygen electrode plate 2 1 communicates with two or 
more of the plural square-shaped apertures 29 formed in the first air flow path plate 
26, with each of the plural square-shaped apertures 29 formed in the first air flow 
path plate 26 communicating with two or more of the triangular apertures 23 and the 
plural square-shaped apertures 22 formed in the first oxygen electrode plate 21. 
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Although the first oxygen electrode plate 21 is shaped in the same way as the 
first hydrogen electrode plate 1, and 13 square-shaped apertures 22 and 8 triangular 
apertures 23 are formed in the first oxygen electrode plate 21, the numbers of the 
square-shaped apertures 22 and the triangular apertures 23 may be set arbitrarily. 
Moreover, the shape of the apertures is not limited to a square or triangular shape, but 
may also be polygonal, such as rectangular shape, or to a circular shape. Moreover, 
it is not mandatory that the first oxygen electrode plate 2 1 be shaped similarly to the 
first hydrogen electrode plate 1. 

Although the 16 square-shaped apertures 29 of the same size as the square- 
shaped apertures 22 fonned in the first oxygen electrode plate 2 1 and the cut-outs 27a, 
28a, 27b, 28b, 27c, 28c, 27d, 28d are formed in the first air flow path plate 26, it is not 
mandatory to provide the square-shaped apertures 29 of the same size as the square- 
shaped apertures 22 fonned in the first oxygen electrode plate 21. Moreover, the 
number of the square-shaped apertures 29 and the number of the cut-outs 27a, 28a, 
27b, 28b, 27c, 28c, 27d, 28d fonned in the first air flow path plate 26 may be set 
arbitrarily. The shape of the apertures fonned in the first air flow path plate 26 is not 
limited to the square shape, but may also be polygonal, such as rectangular or 
triangular, or may also be circular, while it is not mandatory to provide the cut-outs 
27a, 28a, 27b, 28b, 27c, 28c, 27d, 28d shown in Fig.6. 

Although the first module retention plate 40 is tightly contacted to the first air 
flow path plate 26 so that the center point of the circular apertures 41 fonned in the 
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first module retention plate 40 are coincident with the points of intersection 36 of the 
lattice 30 fonning the square-shaped apertures 29 of the first air flow path plate 26 and 
so that the points of intersection 43 of the lattice 42 fonning the circular apeitures 4 1 
of the first module retention plate 40 are coincident with the center point of the 
square-shaped apertures 29 of the first air flow path plate 26. However, it is not 
mandatory for the first module retention plate 40 and the first air flow path plate 26 
to be tightly contacted together in this manner since it is only sufficient if the first 
module retention plate 40 and the first air flow path plate 26 are tightly contacted 
together so that each of the plural circular apertures 4 1 fonued in the first module 
retention plate 40 communicates with two or more of the pkiral square-shaped 
apertures 29 formed in the first air flow path plate 26, with each of the plural square- 
shaped apertures 29 fonned in the first air flow path plate 26 coinmunicating with two 
or more of the plural circular apertures 41 formed in the first module retention plate 
40. 

Although 2 1 circular apertures 4 1 are fonned in the first module retention plate 
40, in the above-described embodiment, the number of the circular apertures 41 
formed in the first module retention plate 40 may be set arbitrarily. The apertures 
fonned in the first module retention plate 40 are not limited to circular shape, but 
square-shaped, rectangular or triangular apertures may be fonned in the first module 
retention plate 40. 

Although the first hydrogen electrode plate 1 is fonned of stainless steel, it is 
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not mandatoiy to forni the first hydrogen electrode plate 1 of stainless steel, such that 
it may be formed of hastelloy, nickel, molybdenum, copper, aluminum, iron, silver, 
gold, platinum, tantalum or titanium, or alloys of two or more of these materials. 

Although the hydrogen gas flow path plate 6 is fonned of polycarbonate, it is 
not mandatory to forai the hydrogen gas flow path plate 6 of polycarbonate, such that 
the hydrogen gas flow path plate 6 may be formed of acryhc resin, ceramics, carbon, 
hastelloy, stainless steel, nickel, molybdenum, copper, aluminum, iron, silver, gold, 
platinum, tantalum or titanium, or alloys of two or more of these materials. 

Although the first oxygen electrode plate 2 1 is formed of stainless steel, it is not 
mandatory to form the first oxygen electrode plate 21 of stainless steel, such that the 
first oxygen electrode plate 21 may be fonned of hastelloy, nickel, molybdenum, 
copper, aluminum, iron, silver, gold, platinum, tantalum or titanium, or alloys of two 
or more of these materials. 

Although the first air flow path plate 26 is formed of polycarbonate, it is not 
mandatory that the first air flow path plate 26 be fonned of polycarbonate, such that 
it may also be fonned of acrylic acid, ceramics, carbon, hastelloy, stainless steel, 
nickel, molybdenum, copper, aluminmn, iron, silver, gold, platinum, tantalum or 
titanium, in place of polycarbonate. 

Although the eight rectangular pins for electrode interconnection A to H are 
fonned on the four sides of each of the first hydrogen electrode plate 1, second 
hydrogen electrode plate 60, first oxygen electrode plate 21 and the second oxygen 
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electrode plate 62, the number, shape and the fonning positions of the pins for 
electrode interconnection A to H may be selected and detennined in optional manner. 
It is not mandatory that the eight pins for electrode interconnection A to H be formed 
on the four sides of each of the first hydrogen electrode plate 1 , second hydrogen 
electrode plate 60, first oxygen electiode plate 21 and the second oxygen electrode 
plate 62. 

Industrial Applicability 

As described above, the present invention provides an electrical energy 
generating device having superior waterproofiiess and which renders it possible to 
supply oxygen in atmospheric air to the oxygen electrode to vaporize off the yielded 
water efficiently. 



